Thirty crossbred sows and their pigs were evaluated through two parities to determine any reproductive or growth performance effects of an active dry yeast supplement added to corn-soybean meal diets. Sow reproductive performance from d 93 of gestation through d 21 of lactation and sow milk composition were evaluated. Pig growth performance was measured from birth to 28 d after weaning. Active dry yeast was added at 0, .1, or .2% of the sow gestation diet, 0, .15, or .3% of the sow lactation diet, 0, .2, or .4% of the pig prestarter diet, 1 wk before and 1 wk after weaning, and 0, .125, or .25% during the last 3 wk in the nursery. The yeast source consisted of a concentrate of live yeast cells of the Saccharomyces cerevisiae strain containing more than 15 × 10 9 live cells/g. Sow body weight at d 93 of gestation, at farrowing, and at d 21 of lactation did not differ ( P > .10) among treatment groups. Milk from sows fed active dry yeast contained higher amounts of total solids ( P < .05), crude protein ( P < .10), and gamma globulin ( P < .06) than milk from sows fed the control diet. Sow feed intake during lactation was not affected ( P > .10) by treatment, nor were there differences in litter size at birth, litter birth weight, or litter weight at d 21 after farrowing. Active dry yeast supplementation to the sow and pig diets resulted in improved postweaning pig daily gain ( P < .05) and gain-to-feed ratio ( P < .05) but did not affect ( P > .10) feed intake. Based on these data, active dry yeast supplement during late gestation, lactation, and before and after weaning does not alter litter weight at birth or weaning but does increase gamma globulin content of sow's milk and improves postweaning rate and efficiency of weight gain of pigs.
Introduction
Weaning is stressful for pigs because of the adjustment from a liquid to a dry diet. This transition may alter the digestive tract's microbes, resulting in less desirable microflora that cause poor performance (Wilbur et al., 1960) . The most common method of repressing undesirable microbes has been the use of antibacterial agents (Zimmerman, 1986) . Recent interest has focused on nonantibiotic feed additions because of public concern over drug residue in meat products and development of antibiotic-resistant pathogenic organisms (NRC, 1980; Vanbelle, 1989) .
A possible nonantibiotic additive for swine feed is active dry yeast. It is defined as yeast dried to preserve a large portion of its fermenting power, and it must contain not less than 15 × 10 9 live yeast cells/g (AAFCO, 1994) . Performance responses of swine to yeast or yeast culture has been variable. Growth rate and efficiency of gain by postweaning pigs were similar or reduced with dietary yeast culture in studies by Holden (1975) , Koch (1975) , and Jurgens (1991) ; however, other studies suggest improved weight gain, feed consumption, and efficiency of gain by young pigs fed yeast (Knabe, 1988; Veum et al., 1988) . Kephart (1988) found yeast culture in finishing pig diets had no effect on performance. Veum et al. (1995) found that yeast culture in the sow diet from d 60 of gestation through d 21 of lactation did not affect sow weight change, nutrient digestibility, or reproductive performance.
The purposes of this experiment were to examine the effects of active dry yeast feeding on sow reproduction, sow milk composition, and postweaning pig growth.
Materials and Methods
An experiment was conducted, through two consecutive parities, with 30 Yorkshire × Landrace sows having an average initial body weight of 211 kg. The yeast source consisted of a concentrate of live yeast cells from a Saccharomyces cerevisiae strain containing more than 15 × 10 9 live cells/g. The experiment consisted of three phases: late gestation, lactation, and nursery.
Late Gestation Phase. Thirty second-and thirdparity sows were randomly allotted to three treatment groups within each of 10 blocks on d 93 of pregnancy. Each block represented a similar initial farrowing date. All sows remained on the same treatment during two parities of this study. The three dietary treatments were as follows: 1 ) control, no yeast added; 2 ) .1% yeast added; and 3 ) .2% yeast added. The sows were housed in a confinement gestation facility and fed individually in stalls. The individual gestation stalls (2.1 m × .5 m ) had .9 m of solid concrete in front and 1.2 m of slatted floor (15.2-cm concrete slat and 2.5-cm slot) in the back. Each sow received an average of 2.27 kg feed daily. Body weight change and feed intake were recorded from d 93 of pregnancy through farrowing.
Lactation Phase. At farrowing, the sows were placed in farrowing crates (2.1 m × .6 m ) that had an area for pigs (2.1 m × .5 m ) on each side of the stall. The floor was woven wire and each crate contained an electric heat pad (1.2 m × .3 m ) in the pig area and a .6-m × .6-m rubber pad located below the sow shoulder area. The sows remained in the three previously assigned treatment groups. The yeast dosage in the diets fed to the sows was increased as follows: 1 ) control, no yeast in the diet; 2 ) .15% yeast added; and 3 ) .3% yeast added. All sows were hand-fed their diet to appetite twice daily throughout the 3-wk lactation. Changes in sow body weight and feed intake from farrowing to weaning at 21 d were recorded. A milk sample was hand-collected from random udder sections of each sow at weaning on d 21 of lactation. Oxytocin ( 1 mL, 20 units) was administered by i.m. injections to stimulate milk ejection. Milk samples were frozen within 2 h of collection. Frozen milk samples were analyzed for percentage of total solids (dry matter), total protein, fat, immunoglobulins, and fatty acid profile.
At 3 d of age, litters were standardized to eight pigs per sow. The culled pigs were randomly selected and placed with another litter of similar age but not a part of this study. Experimental pigs remained in the same treatment groups defined by their dams. Prestarter feed was presented on an ad libitum basis to the nursing pigs at 12 d of age and continued for 1 wk after weaning. Prestarter diets were as follows: 1 ) control, no yeast added; 2 ) .2% yeast added; and 3 ) .4% yeast added. Pig birth weight, weaning weight, and prestarter feed consumption were recorded.
Weanling Phase. At 21 d of age, litters were weaned, and all pigs in a litter remained in the same treatment groups defined by their dams. Each treatment group was represented by 20 litters (160 pigs) from the two farrowings. Each litter was randomly divided into four pigs per nursery pen. Each pen measured 1.2 m square, had a woven wire floor, and was equipped with a nipple waterer, electric heat pad (1.2 m × .3 m), and a four-hole self feeder. Pigs were allowed ad libitum access to feed and water. Starter diets introduced after 1 wk in the nursery were as follows: 1 ) control, no yeast added; 2 ) .125% yeast added; and 3 ) .25% yeast added. Body weight change, feed intake, and feed efficiency were recorded weekly for the 4-wk nursery study.
The care and use of all animals in this study were evaluated and approved by the Iowa State University Committee on Animal Care. The study was conducted during the fall and winter months in an environmentally controlled all-in-all-out housing scheme.
The sow and pig diets (Table 1 ) were fortified to meet or exceed NRC (1988) requirements for all nutrients and contained no antibiotic agents. Samples of feed ingredients, complete diets, and milk were analyzed for nitrogen and dry matter by proximate analysis (AOAC, 1984) . The value used for converting nitrogen to crude protein was 6.25 for all samples, with the exception of milk, for which 6.38 was used. The percentage of fat in sow milk was determined by using the Babcock method (Atherton and Newlander, 1977) . Immunoglobulins were determined by gel plate electrophoresis (Clinical Microbiology and Immunology, College of Veterinary Medicine, Iowa State University, Ames). Milk fatty acid profile was determined by gas-liquid chromatography (R-Tech Analytical Lab, Minneapolis, MN).
Data were analyzed as a split-plot design with three yeast level treatments and 10 blocks in the main plot and two parities as subplot treatments. Experimental units in the main plot were individual sows or litters. Statistical analyses were computed using the General Linear Models procedure of SAS (1988) . Treatment effects were also tested for linear and quadratic responses. The data from the treatments common to both parities were pooled for a final overall analysis after determining no statistical differences in parity × treatment interactions.
Results and Discussion
A summary of active dry yeast supplement effects on the reproductive performance of sows during gestation through lactation is presented in Table 2 . During gestation, no differences ( P > .10) in sow reproductive performance were observed among dietary treatment groups. Consumption of experimen- tal diets during only the last 3 wk of gestation may not have been adequate time for gestating sows to exhibit any treatment differences. The greater amount of gestation feed consumed by sows on diet 2 resulted from several sows farrowing later than their expected parturition date. Likewise, during lactation, active dry yeast supplementation did not ( P > .10) affect either sow body weight change or feed intake; however, the sows on both yeast treatments tended to consume less feed over the 3-wk lactation compared with those fed the control diet. Milk from sows fed active dry yeast contained a greater ( P < .05) amount of total solids, increased ( P < .10) concentrations of crude protein, and slightly elevated fat (Table 3) . Gamma globulin content was also greater ( P < .06) in milk from sows fed supplements of active dry yeast. A greater concentration of milk gamma globulin would suggest a similar increased amount of immunoglobulin A in the milk (Ammann and Stiehm, 1966; Klobasa and Butler, 1987) . Immunoglobulin A is not absorbed after ingestion by the nursing pig but acts locally in the intestinal tract to provide long-term protection against infections of the intestinal mucosal surface (Ammann and Stiehm, 1966; Klobasa and Butler, 1987) .
A summary of the effect of active dry yeast on nursing pig performance from birth to weaning ( 3 wk) is shown in Table 2 . Total number of pigs farrowed per litter, average litter birth weight, and average litter weaning weight were not different ( P > .10). The pigs from sows fed the control diet had a slightly higher ( P > .10) standardized weaning weight compared with those from sows fed active dry yeast. Pigs fed creep feed containing active dry yeast consumed slightly more feed than control pigs ( P > .10). Data from this experiment agree with results reported by Veum et al. (1995) in which yeast supplements had little effect on either sow performance during gestation, through lactation, or on nursing pig performance. The effect of dietary active dry yeast supplementation on postweaning pig performance is shown in Table 4 . Analysis of the pooled parities found little difference in feed intake but significant improvement in average daily gain ( P < .05) and feed efficiency ( P < .05) by pigs whose dams, as well as themselves, received supplemental active dry yeast. There was a quadratic effect ( P < .02) of levels of active dry yeast, suggesting that pigs fed the lower yeast level in diet 2 performed better than pigs fed diets 1 and 3. Data presented in Table 4 indicate that the beneficial effects of active dry yeast supplements agree with results reported by Knabe (1988) and Veum et al. (1988) in which addition of yeast culture to weanling pig diets improved average daily gain and feed efficiency.
In conclusion, active dry yeast included in sow diets did not improve sow reproductive performance as measured by number of pigs born, litter birth weight, or litter weaning weight. However, pigs from sows fed yeast (and having yeast in their own diets) exhibited increased postweaning weight gain and improved feed efficiency compared with pigs not receiving yeast.
These responses were most apparent with the yeast level in diet 2. Although the reason(s) for the improved performance is not clear, the greater content of gamma globulin in milk from sows fed active dry yeast may enhance pig performance by an improvement in the immunocompetence of the young pig consuming that milk. The immunoglobulins present in sow milk are not absorbed across the intestinal wall in the 3-to 4-wk-old pig. However, these immunoglobulins may prevent viruses and bacteria from damaging the gut wall, thereby resulting in a more functional intestinal wall. These findings suggest that the improved weight gain and efficiency of feed utilization by pigs in treatment groups receiving supplemental active dry yeast apparently resulted from improved intestinal immunity provided by their dam's milk and(or) by the presence of active dry yeast in the nursery diet.
Implications
Active dry yeast containing more than 15 billion live cells/g was effective in improving daily body weight gain and efficiency of feed utilization when supplemented to diets of sows and pigs before and after weaning. Supplementing yeast to sow lactation diets resulted in the sow's milk containing greater amounts of gamma globulin when measured at the time of 21 d weaning. These findings suggest that postweaning pig performance may be enhanced by supplementing active dry yeast to the sow lactation and(or) postweaning pig diets.
